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MOTIVATION

—

"Joint Capabilities

« Joint Capabillities:
— Future operating environment:
uncertainty, complexity, rapid
change, and persistent conflict.

— Requires integrated approach
(WSARA 2009)

« Growing PE / MDAP X . T
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RESEARCH PATHS

* Network-centric approach (Brown and Owen, 2012; Raja et al.,
2012

e Automated analysis for correlation and associations
(zhao et al, 2012)

o Portfolio-based approach (bavendralingam et al.)
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OUR PREVIOUS WORK (RAJA ET AL.,2012, 2013):

« Data-driven approach to develop what-if models to predict early indicators of
cascading risks.

 DAES reports of small set of MDAPs over several years.

e Results:

— Non-local factors affect program outcomes: “program-centric” + “program
network approach” for acquisition and management.

— Cascading effects recast as a sequential decision problem.
— Tedious manual process to build decision process model.

CASCADING EFFECT: HIDDEN
MDAP_A DYNAMICS

DAP_A performance
affecting MDAP_B
with alag
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CURRENT RESEARCH GOAL

 Automate Extraction & Analysis of MDAP DAES PSM,

Issues, Actions:
— DAES data for multiple programs over multiple years.

« Automate Extraction of Structural Properties of MDAP
Network:

— ldentify funding neighbors based on PE and SAR data.
— Determine link weights from PE perspective.

 Populate Decision Process Model.
 |dentify challenges to data acquisition.
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DECISION SUPPORT FRAMEWORK

Performance Reports
(DAES, SAR, PE Docs)
SAR,
PEdocs
DAES SAR,
PEdocs
L
ATIE_MOD ID_MOD e
Action
Feature .
Matrix Choices
Link Link
eights Weights
[ State Features Action Space
() Executable Module
(] Data Module il
| Data Flow

Legend:

ATIE_MOD Automated Text & Image
Extraction Module

IID_MOD Interdependency
Determiner Module

MNI_MOD MDAP Network
Identifier Module
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MAIN CONTRIBUTIONS

Network and Program Centric analysis.

Novel Integration of methodologies for text and image analytics
for large scale automated data extraction.

Quantification of interdependency metric.

Progress towards Decision support framework for MDAP
cascading risk prediction.
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INPUT DATA : PROGRAM STATUS ¢
MATRIX

MDAP_A PROGRAM STATUS Date
.Memd Coniracts’AFB Reqmts ) / & /{:._-, ::. xf-:._-. r: :._-./-:.,
() Resohvable Contracts'APB Issues q‘f q-. -::'? & G&‘:‘@/b fosz*/%'é‘b
.Cmnntm:ﬂ Contracts’ APB Reqmis ,,-h.il'ls9 ﬂbf//-\tsg / 69 ﬁ%@ bﬁf;\q‘SQ %69
x % X S %
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E‘untraclooo. .......
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INPUT DATA: ISSUE SUMMARY -
4 SAMPLE RECORDS

ISSUE SUMMARY

ISSUES

Schedule-The reflectors are undergoing
design modifications as a result of

thermal predicts that exceed allowable
limits and PIM out of spec performance

Cost Control- A Team, has been unable to
provide an accurate forecast of projected
cost.

ACTIONS

Program Office is working to amend the
contract and the incentive structure to
maximize the likelihood for achieving the
contractor’s commit date

XYZ has detailed manpower projections
and is measuring each organization’s
effectiveness in reducing headcount, a
metric considered key to managing costs

¢
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MDP STATE FEATURE MATRIX °

LETTEF R Program ID
IEITTEERN current Year
GETEERI current Month

Feature 4 Cost(APB) status, for 9 months starting with
current month

Cost(Contract) status, for 9 months starting
with current month

Feature 6 Schedule(APB) status, for 9 months starting
with current month

Feature 7 Schedule(Contract)status, for 9 months
starting with current month

Feature 8 Performance (APB) status, for 9 months
starting with current month

Feature 9 Performance(Contract) status, for 9 months
starting with current month

Feature 10 Funding(APB) status, for 9 months starting

with current month

Funding(Contract) status, for 9 months
starting with current month

List of Issues

List of Actions

MDAP_A
2010
April

Feature Number | Feature Description An example of Feature value

<111,11,1,1,1,1,1,1,1>

<0,0,0,-1,-1,-1,-1,-1,1,1,1,1>

<0,0,0,0,0,0,0,0,0,0,0,0>

<0,0,0,-1,-1,-1,-1,-1,1,1,1,1>

<111,1,1,1,1,1,1,1,1,1>

<1,1,1,1,1,1,1,1,1,1,1,1>

<111,1,1,1,1,1,1,1,1,1>

<1,1,1,1,1,1,1,1,1,1,1,1>
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AUTOMATION OF TEXT/IMAGE 11
ANALYSIS

Defense Program reports Automation system

: NITIELE R LR
o comn 0101010100990 004
e > 00 000000000 ¢ :
Cona 010, 0101000006004 Image Analysis
erormnce 00 00 0000000
e 99 000000000 ¢
i A 00000000000
f 90 000000000
s ("vele 5 g ye
ot ool (1B B BB Feature Population Markov Decision

for Program process

Issue Summary (Chart 2)

Issue/Problem Description | Action Plan

Schedule- Probatalny of meeung schedubereduced due 10 | om0 August 09, ASN(RDA) estabbishednew scheduiefor OOC =1 of December 2011 anc
contract schedule marpn erosion. Recovenng from past | provided additicnal resources o fimnd to the new schedule. Inlight of the new schedule

fadares with Splesers and dplen feed testand aseline, the MUOS Program Office PCO is working with the centractor 1o umend the
pedforrance have usedall of th ‘s schedule strucrure tomaumize. the lkebhood fer achieving the contractor's
masgin from the over target schedula that was compieted | commit date for s September 2011 handover for fight 1. The contractorhas completed

i varly 2009, Following are primary &ivers for Planaing efforts for the Space segaent and associated Sysiem Integration activides 1o reflect
addtional schedule delays: The Hams reflectors are the new 5¢ However, after e the
undergong design moddications asa result of thermal e plam, PAEW.146 will P contractor’s

that exceed alowable lmits andPIM outof spec | abibty to reduce The s cumently up dating
peeformance. The selas amy wing assembly production | program’s schedule position 1o be completed in March 2010, The resultantupdate-will be
M

{ | presentedat ching Integrated Product Team (OIPT) in Apdl 2010 ]
tostfadares. Also, ALET schadule hus eroded for Satelite Text M I n I ng

81 doeke moyp e ks o st and font Toseduce further schedulerisk due 1o propram prioritaation, progran has requestedta
chang the MUOS pro ram ratmg from DO to a DX program.

Cost Comtrol. Lociheed Martin has bemunable 10 A3a result of the ASN(EDA) decision, the Conmactor had mvtated seplanning effons for th
provide an sceueate forecast of projected cost The Space and Ground segments and associated § ies 1o reflect the new cost schedule
Progian Marages snd PEQ ase concemed that cost baseline. The Program Office is working with the Contractor te restructure the contract and
will contiouedf costs mcentive new objectives. The OTB replan was finakzed 31 December 2000
forecaste dand closely momtored and subsequent Integrats dbaseline Resiew (IBR) was completed 17 Febasry 2010 The
program munager is cumently updating the p s spleted in Marc
200 Tesm

(OIPT) in Apsi 2010, N
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LATENT DIRICHLET ALLOCATION(LDA

A Document is a bag of words; random mixture of latent topics

Unsupervised learning - uncover the latent topics characterized by a
statistical distribution in a given set of document.

Result in distribution of 1) topics across documents and 2) words across
topics.
Training data: DAES reports of MDAP_A from 2007-2011 with 150 records

I Topic 1 Topic 3

Farmers who received some government information late

have been given additional to file their 1987 federal Tax last cents office
return. The internal service said Money week future department
Income month lower general

it was : s special reliefto farmer’s who did not receive

agriculture department documents by the Feb 15 Paid days farmers investigation
' and Form 1099-A, on which sor Pay april cent attorney
- of secured are reported. Trust weeks  higher justice
Fund came tons government
Taxes june drought law

i >|<David M. Blei, rew Y. Ng and Michael I. Jordan, Latent Dirichlet Allocation, Publisnea 1n tne sournai

, Pages 993-1038s Mdreh 2003 UNC (J‘I L’\iﬁiﬁf |
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MODEL PARAMETER ESTIMATION

« Perplexity is a measure of model’s ability to infer the topics in unseen
documents.

. K= 15 for issues; 10 for actions.

Estimation of k for ISSUES Estimation of k for ACTIONS

1E0) - 350

1600 g - so0 L ®

ol 250
2 1200 e R 1 £ _
5 100 —Fun 2 o 209 | - = *
— —_ - L] - - -
g- BOO + —fun 3 Q 150 |

[T

& 600 1 e Bt 4 o 100 |

200

200 i e

04 —hverage g
5 10 15 20 25 30 35 40 45 S0 55 B0 &5 70 o 10 20 30 40 50
k-Number of Topics k- Number of Topics
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ISSUE AND ACTION TYPES
=

Cost Type 1  Repeated inability to accurately forecast Type  Contractor Renegotiation
cost 1a
Type 2  Overrun costs due to technical delays Type  Engage with contractor to address cost
1b issues
Type3 Modifications to total cost to avoid going I Type 2 Monitor performance
over budget - Type 3 Manage cost by reducing head count
T 4 ici
ype Overrun C.OStS due t? SIELTHET IR e Type Contractor examines schedule for the
elements in the project " .
Type 1l Hardware Related Issues la program to additional margin
W yp - Type Amend contract
1b
- g2 | Soeie Felsiee b - Type Projection of schedule based on
Type 3 International Collaboration Delay 2d e Al Il prey e
- Type Update schedule based on hardware
: : 2b and I&T progress
Type 4 Execution Delay due to failure to meet -
- SRR - Type 3  APB baseline change
- Type5 Funding Delay I Type4  Investigate alternate sites
Type 5 Accelerate schedule for early contract
Type 1  Ground Site is unavailable for installation. B
Type 7 Accelerate schedule for Early contract
“ Type 1 Funding has been aligned with estimate reward
Type 1 Keep Navy and OSD informed of
- Type 2 Funding is short progress
T Ry —— ; - Type 2 Work with OSD and senior Leadership
ype unding has been frozen
- - Type 3 Fund DoD Teleports
- Type 4 Fundingis pelng reassessed due to errors Type 4 Monitor program to determine when to
or changes in need s S
Type 5 Work with Air Force Space Command
(AFSPC)




15

AUTOMATED ANALYSIS : ISSUES

Comparative Study of ISSUES

30
Topic 19
25w Topic 17
Topic 16
5 20 1 Topic 15
o
& Topic 14
EZ 35 S Topic 13
S opic
o m Topic 12
Z510 11—
H Topic 10
e = | ETopic9
I H Topic 8
O T . T T T . T T T T - T T T - T T 1 . Topic 7
N v » ™ N v ™ 2 © X2 N v >, ™ ;
X X X X Y Y > > > N e N e 2 B Topic 6
Q/(/oto @(}o‘o Q/(Jo‘o @(}o‘o <<\3<\ <<\3<\ <<0(\ <<\>(\ <<\>(\ \)(\6" QJE}& 6&6 QJE}& Qp&
N N N 2 2 2 2 < X & XN XX H Topic 5
\‘,‘o \‘;a \‘;') \‘;, \é_)o \c,‘v\\' \(’(_)o \(’(_)o \(’,_)o Q/(o@ 0?/‘00 c)é\ 0@(,)0 Oe%o :
\‘960 & e°® 5 & H Topic 4
m Topic 2

Issue: Manual Labels; Topic: Automated Labels
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AUTOMATED ANALYSIS : ACTIONS 16

Comparative Study of ACTIONS

30
Topic 14
Topic 12
(%)
° 20 = Topic 11
(]
D H Topic 10
o
ox G M Topic 9
—
e = Topic 8
g 10 - H Topic 7
=,
M Topic 6
53 M Topic 5
H Topic 4
0 4 T T . T T T T | TOpiC 3
2> \Y Vv % N 0 % ™ 3 2> < > o % 9 A :
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IMAGE ANALYSIS

. MDAP_A PROGRAM STATUS Dute
Conversion of program Status
: : S P S/ s [/ S/ S/ E
matrix to numeric format, ) ﬁﬁépﬁeﬁ\@ fﬁ\ﬁﬁﬁﬁf
Green ->1 + Cos w @ 06eeeeeeeee
Yellow -> 0 w0 101010/0/0/00,0,0.0/0
e Schedule as Q|OQ(Q|Q|Q|Q|0|0|0|0] O ¢
Red ->-1 i010101010.8.0.0.0 00,0
o Peilieraiiis AP o oo0o0o 00000 0@
T i@ |0 |00 /000. 000 0 0
* Funding s OO0 OO0 OO0 O 00 0
comni@ |9 900000000 0
e LifeCycle s © O 000 ©® © & O 0 0 O
Sustainment o=@ @ @O 9 © ® 0 & O & O

tem  Ip3 P2 Pl JcCurrent [F1 _[F2 [F3 [F4 [F5 [F6_[F7 [F8 |
1 1 1 1 1 1 1

Cost_APB 1 1 1 1 1

Cost_Contract 0 0 0 -1 -1 1 -1 1 1 1 1 1

Schedule_APB 0 0 0 0 0 0 0 0 0 0 0 0
Schedule_Contract 0 0 0 -1 -1 -1 -1 -1 1 1 1 1

Funding_APB 1 1 1 1 1 1 1 1 1 1 1 1
Funding_Contract 1 1 1 1 1 1 1 1 1 1 1 1

Life cycle Sustainment_APB 1 1 1 1 1 1 1 1 1 1 1 1 ’

Life cycle Sustainment_Contract 1 1 1 1 1 1 1 1 1 1 1 1 r
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IMAGE ANALYSIS ALGORITHM

Muhille User Objective System (MLUOg) | Pesisionsl - B (ificial s Only

Program Stfitus (Chart 1)

FE F T T T LT

= Schedule
= Performance
&

= Funding

- | Contour of Image
S
, X 7 X7 X] X7 XJ %
APB 0000000006 OO ProcessCircles
conet Q1010101010 90/0/0/0 0
v 000000000000
Contract o O O O O O ’_!_’,i_l_!
v 000000000000
Ale s sl sl el sl s slelele
ProgramNamiYear Month Cost APB Cost Cont Schedule APB Schedule Cont Performance APB  Performance Cont
MDAP A December 2006 1,11111111111 14114011111 LLLLLLTL LT,
| VIDAP A November 2006 1,1,1,1,1,1,1,1,1,1,11, LLLLLL LT, 111111111111,
MDAP A October 0061111111511 L1L11110,1010, LLL1111110,10,
MDAP A September 2006 111111111111 L1111, 10, LLL111111010
MDAP A April 0711111151111 0,00000000000, 100011111111, 10001111118 11111111310, 0,0,0,0,0,0,00,0,0,00,
MDAP A February 0071111111011 LLL001L1,1011, LLL111111010
MDAP A January 007111,111111110 TLELLLLL T, i Fa b
MDAP A June 007111,111111110 000000000000, 001311311311, 000000111111 111111111111 0,0,000,0,00,0,000,0,

MDAP A November  20070,0,00,L1111111 -1-1-1-10,0,00000,110011111111, 000121131181 111111111111 000011111111,
MDAP A October 2007 1,0,0,0,01,1,L,1,1,3,1, 0-1-1-1-1,0,0,0000,1,1,1,00,L1,11,1,11, 000011111131, 111,111,11111,1, 0,000011,1,1L11,
MDAP A September 2007 1,1,0,00,0000000, 00-1-1-1-1-1-1-1-111111111111, 000001111111 111111111111, 0,000,00000000,
MDAP A April 0080,01,11,1,1,11L1 0,000,00000000, 000000000000, 000000000000 111111111111 111111111311,
MDAP A August W08 LL11111511LL 0,0-1-1-1-1-1,1,1,1,10,0,0,0,00000000, 00-1-1-1-1-3,1,1111111111,11,11 0, 111111111010,
MDAP A December 2008 111111111111 -1-1-1-1-1-111310-1-1-1-1-11,3010-0-1-1- L1103 L1101, 1101. 11101, 13111111111
MDAP A July 20081,1,1,1,1,1,1,1,1,1,2,1, 0,00-1-1-1-1-1,1,1,10,0,0,0,0,0,0,0,000,0, 0,00-1-1-1-1-1,11,111,1,1,11,11,111,1, 1111111,1,111,




SAR EXTRACTION: costT suMMARYy,

Total Acquisition Cost and Quantity

BY2004 M

BY2004 $M

TY $M

Appropriation

SAR Baseline
Prod Est

Current APB
Production

CbjectiveThreshald

Current
Estimate

SAR Baseling
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Current APB

Production
Objective

ROTAE
Procurement
Flyaway
Recuring
HMon Recuming
Suppart
Othar Support
Initial Spares
MILCON
Acg D&M
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32452 35697
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PE Extraction

RDT&E appropriations
Al Prior FYaos FY20M| by ond CostTo | Total
COST (8 in Millions
ph } Yews |FY2H2 |FY2013| Base  OCO™ | Toil |FYZ015 FY 2096 | FY 2047 FY 2018 Complete| Cost

Total Program Element 4174406 258811 188482 G6.2% G| 33968 2434 74 22180 Confinung Conbruing

(728, ERF SAICOM Termmals | 506.077) 17.478) 31731 21077 2077 19502 13603  0.0000  14.557 Confinung Conbuing

(731: FLISATCOM 16208 4165 104281 QX2 022 A0 34800 QOO0 Q0001 Q0001 4073
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tpcie
Sys
(MUOS) 4153372
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LESSONS LEARNED

e Text and image extraction/analysis:

— EXisting tools and technologies can support large scale automated
analysis of DAES, PE docs, SARS

— Topic models built from MDAP hub data seem to be relevant to
neighbors.

— Challenges: Formatting and Content inconsistencies; Missing data
reports.

 Funding dependency measure can be obtained from
PE and SAR data:

Funding amounts for the MDAPs as captured from the PE documents
and respective SARs sometimes don’'t match

— Funded MDAPs are not always listed in the Funding Summany page of
PE:. e.g., can be siphoned through a non-MDAP. ‘\1 o~
N 4
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FUTURE WORK

e Large-scale extraction of entire set of available
MDAP data.

* Populate Decision-theoretic model

— State features, Action Space, Probabillity Transitions
and Reward Functions (G,Y,R)

e Run “what-if” simulations.
e Extend to Data Network and MAIS networks.

N/
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